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LONG-TERM  GOALS 

We  have  two  long-tenn  goals.  The  first  goal  is  to  understand  the  electrical  properties  of  the  upper 
atmosphere  and  space  environment  to  better  assist  designers  and  users  of  space  systems  and 
technology.  The  second  goal  is  to  educate  the  next  generation  of  leaders  in  space  science  and 
engineering. 

OBJECTIVES 

The  scientific  objectives  of  the  project  are: 

(1)  To  investigate  space  weather  and  its  effects  on  GPS,  including  the  characterization  of  L-band 
scintillations  and  scintillation  effects  on  GPS  signals  and  receivers; 

(2)  To  investigate  the  origin  of  ionospheric  irregularities,  which  lead  to  ionospheric  scintillation 
storms,  through  deployment  of  GPS  scintillation  receivers  at  equatorial  latitudes,  regionally  in 
South  America,  at  mid-latitudes  (Hawaii,  Ithaca,  Puerto  Rico,  Utah),  and  at  high  latitudes 
(Norway); 

(3)  To  develop  GNSS  receivers  (WAAS,  Galileo,  and  modernized  GPS)  that  can  assess  the  effect  of 
scintillations  and  space  weather  on  modernized  GNSS  signals; 

(4)  To  develop  space-based  GPS  receivers  for  sounding  rocket  and  satellite  applications  that  can 
remotely  sense  the  ionosphere,  thermosphere,  and  mesosphere. 

APPROACH 

Our  research  focuses  on  the  study  of  space  weather  and  the  impact  of  space  weather  on  GPS  and 
GNSS  receivers.  Our  approach  is  primarily  experimental,  and  we  have  a  reputation  for  producing 
cutting-edge  instrumentation  and  developing  successful  experiments.  The  vast  majority  of  the  universe 
exists  in  a  plasma  state  and  we  focus  on  our  own  upper  atmosphere  and  ionosphere  as  natural 
laboratories  for  studying  space  weather  and  as  an  environment  that  affects  satellites  and  their  signals. 
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This  yields  a  mix  of  applied  and  curiosity-driven  research.  By  primarily  employing  sounding  rockets 
and  ground-based  instrumentation,  graduate  students  are  able  to  participate  in  the  full  range  of  research 
and  develop  into  future  leaders.  For  example,  Cornell  University’s  development  of  a  GPS  receiver  for 
measuring  fast  amplitude  scintillations  has  led  to  a  global  program  with  receivers  deployed  at  multiple 
sites  across  South  America,  Africa,  and  China.  Several  Ph.D.  students  and  postdocs  from  Cornell  and 
Brazil  have  been  trained  using  these  receivers.  This  receiver  not  only  monitors  ionospheric  scintillation 
but  additionally  measures  ionospheric  drifts.  This  effort  also  leverages  our  development  of  GPS 
software  receivers  and  space-based  GPS  receivers. 

WORK  COMPLETED 

(1)  We  developed  a  prototype  real-time  dual-frequency  (L1CA/L2C)  software  GPS  receiver  based  on 
a  DSP  chip. 

(2)  We  developed  a  compact  and  low-power  RF  front-end  for  L1CA  and  L2C. 

(3)  We  conducted  the  first  L1CA/L2C  measurements  of  ionospheric  scintillation  using  multiple 
receivers. 

(4)  We  developed  a  brass  board  L5  tracking  circuit  based  on  an  FPGA. 

(5)  We  developed  an  ionospheric  scintillation  model  for  use  in  commercial  GPS  signal  simulators. 

(6)  We  authored  a  cover  story  in  Inside  GNSS  on  GPS  and  scintillation. 

(7)  We  developed  a  GPS  spoofer. 

(8)  We  authored  a  cover  story  in  GPS  World  on  GPS  spoofing. 

RESULTS 

(1)  We  demonstrated  how  amplitude  and  phase  scintillation  are  related.  Deep  amplitude  fades  are 
accompanied  by  fast  half-cycle  phase  shifts.  This  has  important  implications  for  how  to  design 
scintillation-resistant  receivers . 

(2)  We  developed  a  dual-frequency  GPS  receiver  operating  on  a  digital  signal  processing  chip.  This 
software  is  portable  and  will  lead  to  an  entire  new  family  of  practical  software  GPS  receivers. 

(3)  We  demonstrated  a  GPS  spoofer  based  on  a  GPS  software  receiver.  This  led  to  a  cover  story  in 
GPS  World. 

IMPACT/APPLICATIONS 

Our  work  with  GPS  receivers  and  space  weather  continues  to  be  important  in  understanding  and 
predicting  the  behavior  of  GPS  receivers  in  the  presence  of  both  solar  radio  bursts  and  scintillation.  In 
the  future,  our  receivers  will  be  critical  to  evaluating  the  impact  of  space  weather  on  GNSS  signals. 

Our  past  work  in  determining  the  shape  of  fade  patterns  is  important  to  understanding  how  velocity 
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resonance  will  occur  and  potentially  produce  loss  of  lock  or  even  loss  of  navigation  in  GPS  receivers. 
Our  recent  work  with  the  WAAS  signals  will  lead  to  understanding  the  significance  of  scintillations  on 
this  system.  Our  continued  development  of  software  receivers  looks  to  the  future  when  modernized 
GPS  signals  will  be  available  and  dual-frequency  measurements  of  TEC  should  be  inexpensive. 

We  have  demonstrated  that  scintillation  during  deep  fades  has  canonical  behavior.  That  is  deep  fades 
are  accompanied  by  half-cycle  phase  jumps.  This  will  lead  to  new  designs  for  GPS  receivers  that  can 
track  robustly  in  the  presence  of  scintillation. 

We  have  demonstrated  the  design  and  operation  of  a  GPS  signal  spoofer.  The  significance  of  this 
demonstration  is  how  easy  it  was  to  design  the  spoofer.  The  impact  is  that,  within  5  years,  GPS 
spoofing  is  likely  to  be  common,  and  the  fabrication  of  GPS  spoofers  by  students  who  have  not  yet 
achieved  a  college  degree  in  engineering  will  be  possible. 

TRANSITIONS 

The  DSP  software  technology  has  been  leveraged  to  win  an  STTR  from  the  USAF.  The  STTR  is 
association  with  ASTRA  to  develop  inexpensive  GPS  space  weather  receivers  that  can  be  connected  in 
large  arrays. 
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